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Abstract: The contributions of green infrastructure (GI) to human well-being have been widely
recognised; however, pathways for its systematic implementation are missing. Local governments
can play a crucial role in the conservation of GI, and a formal recognition of this role in budgeting
systems would foster the inclusion of GI in their agenda. The aim of this study is to identify the
principal components of GI at the local level to form a basis for a compensatory economic scheme.
We identified the principal components of GI based on the mapping of biodiversity conservation and
ecosystem services provision. Furthermore, we analysed the potentiality of an incentive mechanism
to promote GI based on the protection status of GI. Finally, an incentive mechanism to promote GI at
the municipality level was proposed. The results showed that the GI of Biscay is mainly composed of
the natural forests presented in the area, and that 50% of the principal components of the GI are not
protected. Furthermore, one third of the protected principal components of the GI only has protection
at the municipality level. So, we propose a Payment for Ecosystem Services (PES)-like scheme at the
municipality level based on the cover of natural forests, where the objective is the conservation and
promotion of the GI.
Keywords: PES; ecosystem services mapping; municipalities; northern Spain
1. Introduction
The environmental problems that humanity faces due to the Global Change have become a
relevant concern for decision-makers all over the world, as social and political modifications are
needed to ensure life support functions and human well-being [1–3]. This has given rise to the
inclusion of sustainable development as a major objective in political agendas. Since the concept of
sustainable development first became a major concern, a number of methods, frameworks, and tools
have been developed to achieve that objective. In this context, the Millennium Ecosystem Assessment
(MEA) [4] has played an important role. This assessment made visible how this global change in
ecosystems affects human well-being, as well as the relevance of the appropriate management of these
ecosystems to ensure sustainable development [4,5]. The MEA established an innovative framework
that links changes in ecosystems and human well-being through the so-called ecosystem services (ES).
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ES are the “benefits human populations derive, directly or indirectly, from ecosystem functions” [6]
such as food, clean water, flood control, climate regulation, erosion control, and recreation [4].
Human life and well-being depend on these services; therefore, many initiatives are being
developed to safeguard and enhance ES provision [7]. Among them, the Green Infrastructure Strategy
launched by the European Union is one of the most relevant ones. Green infrastructure (GI) often tends
to be confounded with generic ‘green space’, meaning land that is not built upon [8]. Nevertheless,
GI is defined as a strategically planned network of natural and semi-natural areas, features, and green
spaces in terrestrial, freshwater, coastal, and marine areas in both urban and rural landscapes, which
together enhance ecosystem health and resilience, contribute to biodiversity conservation, and benefit
human populations through the maintenance and enhancement of ES [9]. So, in an open landscape,
not all green areas qualify as GI [7].
Landscape planning is recognised internationally as an important tool in protecting biodiversity
and ES for the long term [10–14]. GI is already considered to be part of a more strategic approach
to landscape management [15]. One of the key strengths offered by GI to landscape planners is
its multifunctionality [7,8]. Incorporating the GI concept into integrated spatial planning has the
potential to maintain and improve landscapes’ multifunctionality [16] and resilience, as well as provide
environmental, social, and economic benefits [17–19] to the ecosystem-based adaptation to climate
change [20,21].
Although the relevance of the use of GI as a spatial planning tool has been widely recognised [22,23],
and GI investments have been put high on the agenda in many European countries [24], the pathways
for its systematic implementation are missing [3,25] and no dedicated funding is available in many
regions [8]. In the absence of adequate international responses, local governments can have a pivotal
role [3], as for GI planning, a fine spatial scale is needed. Local spatial planning downloads the more
broadly defined national or regional plans to the terrain, and adapts them to the biophysics and social
context of the area.
GI planning requires local management efforts where many local stakeholders (local
administration, land owners, residents, etc.) get involved [15]; however, the benefits of GI may
accrue to a larger regional or state-wide group of stakeholders [26]. Due to this scale mismatch
between efforts and benefits, incentives mechanisms at the local level are needed. Initiatives, such as
Payment for Ecosystem Services (PES), have gained popularity in recent years [27–29]. PES schemes
provide a market-based mechanism where beneficiaries of well-defined ES pay service providers to
promote conservation activities [30]. One of the main drawbacks of these PES schemes is that they
usually follow a plot scale approach, where usually the provision of only one service is prioritised.
This approach does not take into consideration the existing synergies and trade-offs between different
services, nor the dependence of many ES on processes that take place at the landscape scale [11,16].
So, a change is needed, and PES should focus on the promotion of GI at the landscape level to conserve
multifunctional landscapes where many different services are provided [31,32].
The MEA [4] anticipated increased degradation of GI over the next few decades, and advocated for
social and political change to address this problem. To foster this transition, new tools that map, model,
and evaluate GI and its benefits, as well as incentive mechanisms, are needed [33]. So, the aim of this
study is to identify the principal components of GI at the local level to form a basis for a compensatory
economic scheme. In this framework, three objectives were established: (a) to define a methodology
to map the principal components of GI at the local (Biscay province) level; (b) to investigate the
potentiality of a PES scheme to protect and promote GI; and (c) to propose a financial incentive
mechanism at the municipality level for the conservation and recovery of their GI. This case study was
carried out in Biscay (the Basque Country).
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2. Materials and Methods
2.1. Study Area
This study was carried out in the Biscay province (area 2.213 km2), located in the north of the
Iberian Peninsula (43◦46′ N to 42◦92′ N, 03◦45′ W to 02◦40′ W). It comprises 113 municipalities,
where the 1,140,000 inhabitants presented are not homogeneously distributed, with most of them
concentrated in a large nucleus around the city of Bilbao, the capital of the province (Figure 1).
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Basque Country (ftp.geo.euskadi.net).
The region has a temperate and humid climate and a mountainous topography; in half of the
territory ther are slopes >30%, and the altitude varies from 0 to 1500 m above sea l vel. The main
primary forest types in Biscay are Cantabrian evergreen oak forests (Quercus ilex L.), mixed oak forests
(Quercus robur L.), and beech forests (Fagus sylvatica L.). These forests, which we will refer to as “natural
forest”, are the potential vegetation of approximately 80% of the region, but today they only cover 13%
of the area, while timber plantations cover 45%, and crops and pastures cover 21% [34] (Figure 1).
2.2. Assessment of the GI
The assessment of the principal components of the GI of Biscay was based on the mapping of
biodiversity conservation and the supply of eight ES: provisioning services (food production, timber
production, water supply), regulating services (pollination, flood control, carbon storage), and cultural
services (recreation and aesthetic beauty). These services were selected due to their relevance on the
study area and the availability of data for the mapping.
2.2.1. Mapping of Biodiversity and Ecosystem Services
A GIS-based approach was designed to spatially estimate the contribution of the different land
uses to biodiversity conservation and the eight ES studied. The software used for the geoprocessing
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was ArcGIS 9.3 [35], and the base data of land uses utilised for the mapping was the European Nature
Information System (EUNIS) map, scale 1:10,000, of the Basque Country for the year 2009 [36].
Biodiversity conservation and ES were mapped as five ranges: very high contribution, high, medium,
low, and very low/null. These ranges were defined using Jenks’ natural breaks distribution [7,37], except
for biodiversity conservation and timber production (see below).
Biodiversity Conservation
Following Onaindia et al. [37], biodiversity conservation was mapped as a function of plant
richness, successional level, and the existence of a legally protected feature.
B = f(r, q, p),
where B = Biodiversity; r = richness, as the number of native plant species; q = the habitat quality
(successional level); and p = the degree to which the land is legally protected.
The number of vascular plant species in each land use was calculated based on the literature [37],
and plotted on a scale from 1 to 4, where: >65 = 4; 45–65 = 3; 25–45 = 2; and <25 = 1. The succession level
valued as follows: 4 = forests and coastal habitats, 3 = bushes, 2 = grasslands, and 1 = others. Finally,
the values for legal protection were: 1, legally protected by European directives; and 0, non-protected.
To define five ranges, the maximum value obtained in the area was divided into five equal
thresholds.
Food Production
For food production, we mapped the productivity of the land as follows:
FP = AP/AS,
in the case of crops; where FP = food productivity (Tm food/ha); AP = agricultural production (Tm);
and AS = surface of agricultural areas (ha).
FP = MP/PS,
in the case of pastures; where FP = food productivity (Tm food/ha); MP = meat production (Tm);
and PS = surface of pasture (ha).
The productions and surfaces of the different crops and livestock were obtained from the Statistic
Institute of the Basque Country [38].
In this case, as the EUNIS map does not distinguish between different productions, the base map
of land uses was adapted using the vegetation map of the area [39], where different productions such
as potatoes, beetroot, and cereals are mapped.
Timber Production
To map timber production, we used the net annual growth [40] of timber plantations. The data
was obtained from the Forest Inventory of the Basque Country [34]. It can be argued that the use of
this index could be an overestimation of timber production, as the annual growth is higher than the
annual volume felled. However, as it has been previously mentioned, we are mapping the service
supply. The use of the annual volume felled would be appropriate to map the demand of the service.
Once the net annual growth of timber plantations was mapped, three ranges—very high, high,
and medium—were determined using the Jenks’ natural breaks distribution. A low value of the service
was assigned to natural forests without taking into account their net annual growth, as they are not
exploited for timber production; and a null value was assigned to the non-forest ecosystems.
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Water Supply
The water supply calculation was based on the TETIS model developed for the region [41],
whereby the volume of water produced by the area is determined primarily by: (a) the rainfall patterns,
which depend mainly on the regional climate and topography; and (b) the ecosystems, which also play
a key role, as they regulate evapotranspiration. Thus, water supply was calculated as follows:
R = P − ETc,
where R is the annual water flow (mm year−1), P is the annual rainfall (mm year−1), and ETc is the
corrected annual potential evapotranspiration (mm year−1). The potential evapotranspiration was
modified by correction factors for the different vegetation types to obtain a more realistic value for the
evapotranspiration. The correction factors used were those in the InVEST—Integrated Valuation of
Ecosystem Services and Tradeoffs programme (Stanford University: Stanford, CA, USA; University
of Minnesota: Minneapolis, MN, USA) [42]. The annual potential evapotranspiration and annual
rainfall maps were supplied by the Water Information System of the Ministry of Agriculture, Food, and
Environment of Spain, and obtained through the SIMPA—the Spanish acronym meaning “Integrated
System for Rainfall-Runoff Modeling”— model [43].
Pollination
For pollination, we estimated an index of the likely abundance of pollinator species nesting on each
cell in the landscape, given the availability of nesting sites and food resources nearby, and the foraging
distance for pollinators. To calculate this index, we used version 2.6.0 of the InVEST programme [42].
The data of nesting site and flower availability for each land use and data of foraging distance for
pollinators were calculated based on the literature [44,45].
Flood Control
For flood control service, we used as a proxy the maximum potential retention of rainwater from
the different land uses in a river basin, based on the empirical curve number method [46,47], which is
calculated by the following formula:
S = (254,100/CN) − 254,
where S = the maximum potential retention of rainwater from the ecosystems (mm) and
CN = the curve number (without units). The curve number (CN) is a hydrological parameter that
is determined by the permeability of soil and vegetation cover. In addition, the effect of the slope was
also introduced, an amendment made by the Centre for Hydrographical Studies of Spain (CEDEX) [48].
The CN data for the different combinations of land use, slope, and soil type was obtained from
the tables prepared by the CEDEX [48]. The slope map was obtained from the Laser Imaging Detection
and Ranging—LIDAR flights for 2013, with a resolution of 25 m [49]. The hydrological soil group
map was obtained by the reclassification of the soil map of the Basque Government based on the
soil permeability.
Carbon Storage
Following Onaindia et al. [37], we estimated the amount of carbon stored in the biomass and soil
for the different land uses. For the valuation of carbon stored in the soil, we used the “Inventory of
organic carbon stored in the first 30 cm of the soil” of the Basque Country [50]. As for carbon stored as
biomass, we focussed on the carbon stored in living trees (aboveground and belowground), which was
obtained as follows [51]:
CB = V × BEF × (1 + R) × D × CF,
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where CB = the C stocks in living biomass (TmC ha−1); V = the merchantable volume (m3 ha−1);
BEF = the biomass expansion factor, including branches and leaves (without units); R = the root-to-shoot
ratio, including belowground tree biomass (without units); D = the basic wood density (Tm d.m. m−3
merchantable volume); CF = the C fraction of dry matter (TmC Tm d.m.−1). Finally, we calculated the
total C storage (biomas + soil).
Recreation Potential
Following Peña et al. [52], we considered two components for mapping recreation supply:
the recreation potential and accessibility. The recreation potential was mapped taking into account
five territorial features associated with aesthetic attractiveness for recreational activities: (1) the degree
of naturalness; (2) the presence of natural protected areas; (3) the presence of water bodies; (4) the
presence of sites of geological interest (SGI); and (5) the presence of mountain summits. We valued
each feature using different data and indicators (see Table 1). Finally, the recreation potential was
calculated by aggregating the values of the five features described above giving equal weights to all
of them [53]. In general, ecosystems with the highest naturalness are more attractive for recreation
activities [54–57], in the same way as for protected areas. Moreover, the presence of water bodies,
SGI in the landscape, and mountain summits are related to a higher recreational value, as people can
perform different recreational activities in them.
Table 1. Multi-source geospatial database developed for the case study. We used the mean values of
recreational value of sites of geographical interest (SGI) to separate the SGIs into two groups regarding
their use for leisure (useful and not useful).
Data Data Source Description Evaluation
Land use/land
cover map
Basque Government
(ftp.geo.euskadi.net/cartografia/)
EUNIS, habitat types
classification
Naturalness Our elaboration based on the EUNISand Loidi et al. [58]
Index of degree of human
influence on ecosystems.
It comprises the damage or
transformations caused by
humans and how these
ecosystems depend on
human activity
themselves [58]
7: Natural forests, Continental
habitat without vegetation;
6: Salt marshes, wetlands,
Coastal habitats; 5: Continental
waters, Shrubs, Heaths;
4: Grasslands–hedges,
Reservoirs; 3: Forest plantations;
2: Parks; 1: Crops, Orchards,
Invasive species, Quarries;
0: Artificial soil
Natural
protected areas
Basque Government
(ftp.geo.euskadi.net/cartografia/)
Presence of natural
protected areas
2: Natural parks, Protected
biotopes, Biosphere reserve,
Ramsar wetlands; 1: Natura
2000 network, Sites of
naturalistic interest;
0: No protected areas or without
naturalistic interest.
Presence of
Water bodies
(WB)
Basque Government
(ftp.geo.euskadi.net/cartografia/)
Presence of rivers, water
bodies, coastline related to
recreation (bathing water,
fishing, and beaches)
3:Beaches; 2: WB used for
fishing or bathing; 1: WB no
used for fishing or bathing;
0: no WB
Presence of
Sites of
Geological
Interest (SGI)
Basque Government
(ftp.geo.euskadi.net/cartografia/)
Presence of SGI with
recreational value.
1: SGIs with recreational
value ≥2;
0: SGIs with recreational
value <2
Presence of
mountain
summit
Basque Government
(ftp.geo.euskadi.net/cartografia/)
(www.mendikat.net)
Presence of mountain
summit and a buffer of
500 m.
1: Buffer of 500 m around the
mountain summit; 0: no
mountain summits
The delivery of services strictly depends on the presence of people in the ecosystems. In general,
good accessibility and good infrastructure networks help facilitate more recreational activities [56,57]. So,
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accessibility was mapped considering: (1) the accessibility of the site; and (2) natural and constructed
infrastructures that were in place to guide or be enjoyed by visitors. We valued each feature using
different data and indicators (see Table 2). Finally, the accessibility was calculated by aggregating the
values of the two features described above, and giving equal weights to both of them [53].
Table 2. Multi-source geospatial database developed for the case study.
Data Data Source Description Evaluation
Accessibility of
the site
Basque Government
(ftp.geo.euskadi.net/cartografia/)
Presence of roads
and paths.
2: Buffer of 200 m around
accessible roads to motor vehicles
(highways, roads, etc.);
1: Buffer of 200 m around limited
roads to motor vehicles (paths,
trails, bike paths);
0: no presence of roads and paths.
Infrastructures
Our elaboration based on the
Universal Transverse Mercator—UTM
coordinates of infrastructures and
Basque Government
(ftp.geo.euskadi.net/cartografia/)
Presence of
infrastructure used
for recreation
activities
3: Buffer of 500 m around
constructed infrastructures
(recreational areas, wine cellars,
museums, ecological parks, theme
parks and centers, interpretation
centers, bird observatories,
landmarks and biking centers),
natural infrastructures (caves and
climbing sites).
Finally, the recreation service was calculated by aggregating the values of the recreation potential
and accessibility, and giving equal weights to both of them.
Aesthetic Beauty
The aesthetic enjoyment of landscapes that the environment provides to society depends on both
the aesthetic perception of the society and the intrinsic characteristics of the landscapes. Therefore,
the aesthetic enjoyment of landscape was mapped taking into account six features associated with
aesthetic attractiveness: (1) the social perception; (2) the type of relief; (3) the diversity of landscape;
(4) the presence of water bodies; (5) the influence of landmarks; and (6) the influence of negative
elements in the landscapes. We valued each feature using different data and indicators (see Table 3).
In general, the presence of water bodies and/or landmarks in the environmental unit [57,59,60],
a higher diversity of landscapes, and a higher difference in relief [61–64] were related to a higher
aesthetic value [65]; however, the influence of negative elements in the landscapes as wind farms,
actives quarries, landfills, roads, and railroads were related to a lower aesthetic value. The social
perception was calculated using the visual survey method described in Peña et al. [52]. For assessing
the type of relief and the diversity of landscape, we used viewshed as a quantification unit. Viewshed
can be considered a unit for describing the territory based on visibility criteria, because it consists
of the set of intervisible points [66]. Finally, the aesthetic beauty was calculated by aggregating the
values of the first five features described above and subtracting the value of the influence of negative
elements in the landscapes, giving equal weights to all of them.
Table 3. Multi-source geospatial database and valuation methods for aesthetic beauty service. We used
the mean values of index of relief and index of landscapes diversity to separate the viewsheds into
two groups regarding the type of relief (mountainous and flat) and type of landscape (diverse and
homogeneous), respectively.
Data Data Source Description Evaluation
Social
perception
Our elaboration based on the EUNIS
and social preferences based on
mail-in photo-questionnaires
Social preferences of
different environmental
units for their aesthetic
value.
See Peña et al. [52].
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Table 3. Cont.
Data Data Source Description Evaluation
Relief Basque Government(ftp.geo.euskadi.net/cartografia/)
Index of relief for each
viewshed [67].
1: Viewshed with index of relief ≥32;
0: Viewshed with index of relief <32.
Diversity of
landscapes
Basque Government
(ftp.geo.euskadi.net/cartografia/)
Index of landscape
diversity (ILD) for each
viewshed [67].
1: Viewshed with ILD ≥ 1.70;
0: Viewshed with ILD < 1.70.
Presence of
Water
bodies (WB)
Basque Government
(ftp.geo.euskadi.net/cartografia/)
Presence of rivers, water
bodies, coastline,
reservoirs.
1: Landscapes with coastline
influence; buffer of 50 m around the
river; buffer of once the radius of
water bodies and reservoirs; 0: No
WB or buffers outside our own
viewshed.
Visual
influence of
landmarks
Basque Government
(ftp.geo.euskadi.net/cartografia/)
1: Buffer of 2000 m around the
landmark;
0: No visual influence of landmark.
Visual
influence of
negative
elements
Basque Government
(ftp.geo.euskadi.net/cartografia/)
1: Buffer of 4000 m around wind
farms; buffer of once the diameter of
actives quarries around them; buffer
of once the radius of landfills; buffer
of 2000 m around highways and
double carriageways; buffer of 750 m
around other roads; buffer of 200 m
around railroads and funicular; 0: no
visual influence of negative elements.
2.2.2. Identification of the Principal Components of GI
The definition of GI is so broad that GI often tends to be confounded with generic ‘green space’,
meaning land that is not built upon [8]. Nevertheless, in the open landscape, not all green areas
qualify as GI [7], so we identify only the principal components of the GI of the study area. We defined
as “principal components of the GI” the elements of the landscape that have a high contribution to
biodiversity conservation and high contribution to at least three ES. These elements meet the criteria
regarding the multifunctionality and biodiversity conservation of GI.
In this definition, we have considered all services to be of equal weight. It can be argued that ES
will differ in the amount they contribute to human well-being—some may be extremely important
and others less so—and therefore should not have the same weight in the selection process. However,
the existing valuation techniques are not able to measure the real contribution of the different services to
the human well-being [68]. Furthermore, the same service in the same region can be valued differently
by different groups of people in the same area depending on their education level, personal income,
previous experience, and so on [69,70]. Usually, some services that are critical for human well-being
are undervalued, because they do not have a market value or are less visible [71]. To avoid the general
tendency to prioritise marketed and more visible services, we highlight the importance of conserving
multifunctional elements of the landscapes through considering all services to be of equal weight.
To identify these principal elements of the GI, a spatial multi-criteria analysis (SMCA) was used,
as the integration of a landscape approach within the SMCA framework allows for this type of spatial
prioritisation [33]. For this analysis, the maps of the eight ES were considered, and the map of
biodiversity conservation were used. All of these maps were overlapped, and all of the elements with
a high or very high value for biodiversity conservation and a high or very high value for at least three
services were selected and identified as principal components of the GI.
2.3. Protection Status of the Principal Components of the GI
To analyse the necessity or potentiality of an incentive mechanism to promote GI, we studied the
protection status of the principal components of the GI of Biscay. In the Basque Country, there are
several protection figures: Natura2000 sites, natural parks, protected biotopes, and biosphere reserves.
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These areas are delimited by the Basque Government through the Territory Planning Guidelines (TPG).
On a second level, the sectorial (agroforestry, wetlands, highway, etc.) and partial (15 sub-areas)
territorial plans, which are fixed by the Basque and provincial governments, downscale the TPG and
protect more areas. Finally, apart from the protection figures at the regional level, municipalities also
have their special protection areas fixed by their municipal territorial planning [72]. In this category,
municipalities include the areas protected by the supra-municipal figures and other areas relevant for
biodiversity conservation at the municipality scale, giving a protection to areas that have not been
protected by supra-municipality figures. In some cases, this municipal protection is more restrictive
than the supra-municipal one.
For this study, we considered both municipal and supra-municipal protection figures. In the case
of the Urdaibai Biosphere Reserve, we only considered the areas that have been declared as special
protection or protection zones by the Governance Plan for Use and Management of the area, which
was approved in 1993 [73].
3. Results
3.1. Spatial Distribution of ES Provision in Biscay
The results of the mapping procedure for biodiversity conservation have showed that 21% of the
surface of Biscay has a high/very high contribution to biodiversity conservation (Figure 2). The land
uses that contribute the most to biodiversity are natural forests, with 100% of them contributing in a
high or very high way, followed by other natural ecosystems and shrubs and heathlands (Table 4).
For provisioning services, 20% of the area has a high/very high contribution to food production,
44% to timber production, and 31% to water supply (Figure 2). The crops and pastures (96%) are
the main provider in the first case, the forest plantations (95%) in the second case, and shrubs and
heathlands (69%), other natural ecosystems (60%), and crops and pastures (55%) in the last case
(Table 4).
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Table 4. Distribution of land uses as a function of their level of contribution in % to biodiversity
conservation and eight selected ecosystem services (ES).
Biodiversity and
Ecosystem Services
Level of
Contribution
Type of Ecosystem
Natural
Forest
Other Natural
Ecosystems
Crop and
Pastures
Shrubs and
Heathlands
Forest
Plantations
Artificial
Areas
Biodiversity
conservation
Low/very low 0 0 26 0 84 100
Medium 0 13 74 25 16 0
High/very high 100 87 0 75 0 0
Food provision
Low/very low 100 100 0 100 100 100
Medium 0 0 4 0 0 0
High/very high 0 0 96 0 0 0
Timber provision
Low/very low 100 100 100 100 0 100
Medium 0 0 0 0 5 0
High/very high 0 0 0 0 95 0
Water supply
Low/very low 54 29 18 10 47 99
Medium 29 10 27 20 31 1
High/very high 17 60 55 69 22 0
Pollination
Low/very low 15 80 12 27 45 93
Medium 27 8 26 14 32 4
High/very high 57 12 62 59 23 3
Flood control
Low/very low 0 82 1 0 0 92
Medium 4 9 70 65 12 6
High/very high 96 10 29 35 88 2
Carbon storage
Low/very low 0 86 53 51 0 93
Medium 0 14 47 49 0 7
High/very high 100 0 0 0 100 0
Recreation
Low/very low 3 2 16 29 52 79
Medium 25 16 63 41 37 5
High/very high 73 82 22 30 11 16
Aesthetic beauty
Low/very low 1 1 2 19 53 75
Medium 34 6 34 34 36 17
High/very high 65 93 64 47 11 7
For regulating services, 37% of the area has a high/very high contribution to pollination, 63%
to flood control, and 39% to carbon storage (Figure 2). The land uses that contribute the most to
pollination are crops and pastures, shrubs and heathlands, and natural forest, with nearly 60% of them
contributing in a high or very high way (Table 4). As for flood control and carbon storage, forest lands
(natural and plantations) are the main providers (>85% and 100%, respectively) (Table 4).
Regarding cultural services, 25% of the area has a high contribution to recreation, and 33% to
aesthetic beauty (Figure 2). Natural ecosystems (forest and non-forest) are the ones that contribute the
most to both cultural services, with more than 65% of them contributing in a high or very high way
(Table 4). As for aesthetic beauty, crops and pastures also play a key role, with nearly 65% of them
having a high or very high contribution (Table 4).
3.2. Principal Components of the GI of Biscay
The results of the SMCA have identified the principal components of the GI of Biscay that
cover 16% of the territory (Figure 3). All of these elements have a high contribution to biodiversity
conservation and to at least three services.
As for the services supplied by these principal components of GI, not all of them are equally
presented. On one hand, provisioning services have the lowest presence, as any area with a high
contribution to food or timber production is included, and only 35% of the GI has a high contribution
to water supply. On the other hand, regulating and cultural services have a high presence, with 64% of
the area having a high contribution to pollination, 86% to flood control, 70% to carbon sequestration,
73% to recreation, and 73% to aesthetic beauty.
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Finally, in relation to the land uses that form these GIs, most of them are natural ecosystems
(forest and non-forest), with shrubs and heathlands also present on 20% of the surface. It is worth
mentioning that almost all of the natural forests have been identified as principal components of the
GI (Table 5).
Table 5. Contribution of the different land uses to the principal components of the GI (% of GI) and
percentage of each land use that has been defined as principal components of the GI (% of that land
use defined as GI).
% of GI % of that Land Use Defined as GI
Natural forest 74 91
Other natural ecosystems 6 52
Crop and pastures 0 0
Shrubs and heathlands 20 44
Forest Plantations 0 0
Artificial areas 0 0
3.3. Protection Status of the GI
The results have showed that only half of the principal components of the GI described are
inside areas where a protection figure exists. From them, 68% have protection at the municipality and
supra-municipality levels (all of the areas protected at the supra-municipality level have to be also
protected at the municipality level), but 32% of them only have protection at the municipality level.
It is remarkable that in the not-protected elements, the proportion of natural forest is even higher than
in the all of the principal GI, raising 83% of the area.
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4. Discussion
The importance of preserving multifunctional landscapes has been previously highlighted [16,31].
The conservation of GI is crucial in order to achieve this objective. As a result, the methodology
presented in this study can be a very useful tool for land planners, as it allows for identifying the
most relevant elements of GI in a given area that are a prerequisite to designing a GI network at the
landscape level. A similar methodology was used by Liquete et al. [7] to map GI at the European
scale. However, as the authors explain, “the Pan-European case study was not designed to support
the management of individual local sites”. As synergies and trade-offs between ES are produced at
regional or local levels, and they may differ from those perceived at larger scales [32], Liquete et al. [7]
recommend tuning up their methodology for each regional study. The methodology presented here
can be a good example of downscaling of the Pan-European methodology for its adaptation to the
context and available data at the local level in the Basque Country. So, the methodology presented here
would be very useful for policy-makers and land managers of the area, because it provides relevant
information to local scale decision-making.
Identifying, promoting, and preserving a multifunctional GI network can provide a wide range of
benefits, including ecological, economic and social benefits [7,15]. As a result, many governments have
policies that seek to protect designated GI from the negative impacts of development. For example,
in Ontario, Canada, development is not allowed within and adjacent to significant GI, unless no
negative impact to their features and functions is demonstrated [10]. The results of this study have
showed that the conservation of the principal components of the GI of Biscay contribute to the
maintenance of regulating and cultural services of the area. Traditionally, regulation and cultural
services have been degraded as a result of actions taken to increase the supply of provisioning
ES [71,74]. This has happened because, while most regulating and cultural services are external to the
market system, provisioning services have a real market value [6,75]. As safeguarding non-marketed
ecosystem services is crucial from both human and economic perspectives, conservation and an
increment in the ecosystems that supply those services, through the planning of a GI network,
is needed.
4.1. Why an Incentive Mechanism?
In the Basque Country, multiple services are supplied by the landscape; however, as most of these
services are considered externalities [71,75], the municipalities that supply these services do not receive
any economic compensation. In Biscay, the amount of money that each municipality receives is fixed
by the provincial government, and based on factors such as its population and the contribution of its
economic activities to the gross domestic product [76]. In this scenario, the existing great differences
between municipalities in relation to their contribution to ES provision [16] are not considered, even
though they are fundamental for human well-being.
Our results have showed that municipalities play an important role in the protection and
conservation of the GI, as one third of the protected principal components of the GI of Biscay only
has protection at the municipality level. However, 50% of the principal components of the GI are
not protected. In Biscay, although the projections show a population reduction in the following
years, the home demand will increase due to changes in family structures [38]. Many municipalities,
especially the most rural ones, could go for the urbanisation of new areas to attract new residents.
This way, the population would increase, as well as the budget assigned to them. This could suppose
a big pressure against GI conservation, as urban sprawl is one of the main causes of the depletion
of GI [1,77,78]. So, based on an opportunity cost principle, understanding it at the cost of a missed
opportunity or the costs associated with forgone opportunities to convert land to profitable uses [79],
municipalities that devote their lands to GI conservation and promotion should receive an economic
compensation [26].
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4.2. A GI-Based PES Scheme
Once the potential of economic incentives to protect and promote GI at the municipality level
has been shown, a financial incentive mechanism is needed. We propose a GI-based PES-like scheme
where the objective is the conservation of multifunctional landscapes through the conservation and
promotion of GI. Taking into account that most of the principal elements of the GI in Biscay are natural
forest, and that almost all of the forest has been included, we propose the cover of natural forest as
an indicator of the GI that a municipality presents, in order to establish the associated incentives.
Previous studies in the area have shown that municipalities dominated by forest ecosystems have
more multifunctional landscapes [16]. Furthermore, the role of natural forests as important component
of GI has been widely highlighted [17,26,80] as they have a higher value in the provision of ES in
comparison to other land uses [37,81].
An index called MESLI (multiple ecosystem services landscape index), which measures and
promotes landscape functionality at the municipality level, has been previously developed for the
area [16]. It showed its capacity to sort municipalities as a function of their contribution to multiple
ES; however, to establish an incentive mechanism based on it would be somewhat inconvenient, as it
would require the calculation of complex indicators. The same would happen with the use of the total
cover of the principal components of the GI, as its calculation requires complex mapping procedures.
The use of a simpler index, such as the cover of natural forest, can facilitate the process, as the adoption
of an innovation requires acceptance by the technicians of the administration, and it depends on their
positive or negative attitude toward it [82]. On one hand, the degree to which a new tool is perceived as
easy to understand and implement exerts an influence on perceived usefulness [83]. On the other hand,
perceived internal readiness to adoption of a new tool has a positive effect on the perceived usefulness
associated with it [82]. The proposed index, the cover of natural forest, meets both conditions, as it is
easy to understand and its calculation does not require any extra effort, because it is included in the
official statistic of the Basque Country [38].
The GI-based PES-like scheme that we propose as an incentive mechanism will use this index,
the cover of natural forests, as a basis. In this scheme, the buyer would be the government, acting on
behalf of ES users (i.e., citizens), and the payments would be given to the community administrations
(i.e., municipalities) for investment in social services and community infrastructures that would
benefit all of the inhabitants. This innovative landscape approach for PES, which values the
provision of multiple services, involves only a buyer—the provincial government—and a seller—the
municipality—and benefits all community members. This GI-based PES-like scheme solves most of
the limitations common to most PES approaches, such as high establishment and transaction costs [27],
limited ecosystem service provision, and low inclusivity of participation [30,84,85]. Furthermore, in a
situation such as the one proposed here, where multiple ES act at different scales from local to global,
the only feasible approach is financial support by a government body [86].
Participating in this initiative is a political decision, as it requires an amount of money devoted to
this incentive mechanism. In 2015, the provincial government devoted 816 millions Euros to finance
municipalities [76]. One option could be the redistribution of the same budget taking into account
a new factor: the cover of natural forest of the municipality. This would not suppose an extra cost
for the provincial government, but it could cause conflicts, as some municipalities would be winners
and others would be losers. Another option could be to increase the amount of money devoted
for municipalities budgeting. To finance the extra cost, among other alternatives, the provincial
government could reallocate the budget set aside for the maintenance of the timber sector, which was
4.3 million Euros in 2015 [87], and nowadays is not profitable due to globalisation and the reduction
of the demand by the building sector. In this case, conflicts would also appear, but this is a common
issue in planning for multifunctionality [8,88]. Besides, the extra budget could be financed with extra
taxes. In this context, a recent study carried out in the Basque Country [69] showed that nearly 6% of a
green area’s users were willing to pay extra taxes for environmental protection and the provision of ES;
20% would pay through voluntary contributions, and 30% would devote 0.7% of their income. Taking
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into account these results, the viability of this option in the study area is questionable, but it could be
an option in other contexts.
A common matter of concern in PES schemes is the lack of additionality. Would the conservation
of GI be lower if the incentive mechanism did not exist? It can be argued that there would not be
environmental additionality associated with the GI-based PES-like scheme proposed here, as the
payment is made as a function of the GI already being presented on the landscape, and no change in
land use or management to promote it is required. However, although this scheme does not stress
additionality, it could have a positive effect on GI conservation and promotion for three reasons.
First, the prospective of higher incomes could motivate municipalities to devote their public lands
to the recovery of natural forest. Second, the actual system of protected areas has been the cause of
many conflicts between conservationists and the rural population [31]. With the implementation of
the PES proposed here, these local communities would receive direct benefits, such as education
and health infrastructures, from the protection of nature, which could increase their interest in
conservation activities [31,89]. Finally, GI protection and promotion requires interventions not only
inside of protection areas; conservation also needs to be mainstreamed across sectors, institutions,
and stakeholders that are not primarily concerned with conservation. As the investment of the
payments does not have to be set aside for nature conservation, but rather could be used for community
projects and infrastructure, this scheme could help mitigate diverging departmental interests of the
municipality administration encouraging sustainability issues mainstreaming. This is crucial in
order to move sustainability into the core of municipal decision-making and foster a transition to
sustainability [3].
Finally, another matter of concern in the PES scheme here proposed is the ownership of the land,
as nearly 80% of the surface of Biscay is privately owned. It can be argued that if the municipalities are
paid by the provincial governments on the basis of the natural forest cover, they would be cashing
money from something they do not own (mostly) and sharing the benefits with the local community,
but not with the forest owners. This could cause important conflicts; however, forest owners could also
benefit from the scheme proposed here, as it could have a positive impact on the social perception of
the forest sector of the area. Foresters of the region feel they are marginalised by broader society, as they
are considered responsible for the negative effects their activities can cause on the environment [21,81],
but receive little support or acknowledgement for good practice. With the PES scheme proposed
here, the conservation of the natural forest presented in their lands would have a positive impact in
the area, which could help to change the negative perception that a part of the society has about the
forests sector.
5. Conclusions
The GI concept is receiving increased attention in political discourse; however, stakeholder
involvement in its assessment is in its infancy. Systematically including GI considerations in land
planning will help reduce the loss of ES associated with future land use changes. Municipalities play a
crucial role in land management, and therefore the conservation of GI, so formal recognition of this role
in municipalities’ budgeting and accounting systems would foster the inclusion of GI in their agenda.
A prerequisite for GI conservation is to identify the elements of the GI presented in an area. In this
point, mapping procedures can play an important role. The methodology here presented is a good
example of the use of mapping to identify the principal components of GI at the local scale, which
could be adapted for its use in other areas as a function of the data availability.
Our results have shown that the GI of Biscay is mainly composed of the natural forests presented
in the area, so an incentive mechanism to promote their conservation would contribute to safeguarding
and enhancing ES provision and biodiversity conservation. The index that was proposed here as a
basis for that incentive mechanism, the cover of natural forest, can be easily calculated and could
facilitate the process. However, it has to be noted that this index is appropriate for the study area,
but its extrapolation to other areas would require specific research in those places.
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With the PES-like scheme presented here, the principal obstacle for GI conservation—the lack
of political support and economic resources—would be solved as government’s commitment to GI
implementation would be clear, and economic resources would be set aside for it. Furthermore, as the
different departments of the municipality administration would benefit, GI and ES conservation and
promotion would be included on the municipalities’ agenda, fostering sustainable territorial planning
transition. However, the viability of a PES scheme as the one proposed here would need more research
due to the potential problems that could appear related to land ownership and the funding mechanism.
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